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SUMMARY OF CONTENTS

“4rticles on Meteorology and Hydrology
(Doc No 458226)

_ This is an extract translation composed of full translations
of seven articles which appeared in the January 1946 issue of the
periodical "Meteorology and Hydrology," published by the Central
Administration of the Hydro-meteorclogical Service of the Council
of Ministers, USSa. :

The articles, contributed by Soviet scientists, discuss var--

ious meteorological and hydrological experiments and observations.
They are amply illustrated with tables, graphs, diagrams and maps.

Pages 1 through 48
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////f;j;/go 458226

ARTICLES ‘ON MITEQAOLOGY AND HYDHOLOGY -

’

T4BLE OF CONTENTS - January 1946

’ I.’VMaasuremehts of Effective Radiation ¢f Water
" Vapor in the Range of iaximum Trensparency -
. by 7, Kas@rov
II, On the’Distribution of Atmospharic Pressure
Over the Central Arctic - by B. L.

Dz»rdzpyevsk;y
— III. A Storm Occurrence Over the Cenbral Regions
Cela 6f the Furopean TcrrLtory of the UoSR - by I.
G Pchelko B

: IV.' Detarmlnatlon of “loua Hblfhts by Humidity of )
T Air at Ground Levels~ by a. N' Ipp“lltbv
) NS 'L1~.\
. . ¢V, Variations of the Monthly Totals of the Heat -
~ ¢t - of Sclar Radlatlon - by N TNy halltln

VI. A4 New Mpthod of Uulcul»tlng Balllotlc Wlnd
- and Ballistic Lump xaturc - by D. L.
Laykhtman

VII. 4 Net for-Filling:Radiosonde Balloons Under
 Travelling Conditiens - by A. S. Stepanov

FDITOr’“ NOTL Bibliographies sppear at the
-, ‘ end of articles I, II, III
cand V, References in the
, ‘ , text to the bilblicgresphies.
‘ : : - are indicated by a number in
‘parentheses. ’
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I. MBASURRINTS OF AFFHCTIVE RADIATION OF WATER VAROR IN
| THE RANGE OF MAXTMUM THANSPARENCY
- ,.I - . by
V. Kastrov L

EDITOR'S NOTE: Thw follow1ng is in explanation of the
: Russian symbols as used in the text:

Tl as in f dust, Russian-II H I »

IQIDV .= contknemtal, polar, high.
1Tpa7 = transitional, arctic,
hlgh
¥TB = continental, tropical,
high.

Effective radiation is usually measured for a freely ex-
posed horizontal planc and in the whole spectrum. It is rather
difficult, however, to interpret this quantity theoretically.

From the theoretical point of view, measurements in a sufficiently
small solid angle and for narrow bands of the spectrum would be of
the greatest intersst. We have certain empirical data for the
distributicn of diffusion in the sky. 3Such data however, are al-
most entirely lacking for spectral composition, except for the
measurements of Fowel with filters of fluorite and rock salt, which
were of tentative naEBra.

The range of the grbﬂte t 1ntbrest where water vapor hes
maximum transparency of basic 3bsorbt10n and radiation in the
atmosphere, is approximately 8.5 - 12§ . Therefore, special
measureménts of effective radiation were made in the Kuybyshev
Geophysical Observatory with e cloudless sky and in a band of the
spectrum with limits approximating these wave lengths. They were
made from June 1944 to Januzry 1945. Isclation of thue required
spectral band was zccomplished by two consecutive measurements:

One¢ time with a thinper, and the other time with a thicker fluorite
light filter. Bquipment was used for the measurement as in figure
1. . : ‘

-

) _ SECxET
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P - “Here AT end Ag ars thermdplles of - Yanlsh kay s .system’ Nlth a
% , small lag (about 20 seconds) and groat sensitivity.. With the
) co ebject "of making an instrument which will not be very Sénsitiveto
- |, short wave radiation for measuring. in. the:dark, they are g¢olored
. ' with magnesium oxide, the coefficient of absorptlon of which is
: . very high in tHe remote’ intratred reglon and can be regarded as
T independent of i .by and bz are:flucrite filters, 2 and & mm thick,
N in the form of discs w1tn a slightly conical: lateral surface,. 15
L . & solid brﬁss plate serving as a setting for the filters., Thelr
o latersl surfaces ard grcund toufit its sockebs.: . Thc filters are
,insertcd in the sockgts l(OSely and held in - DloGG bj the rlng° of
plate i’qnd spring e. “The whole setting can be turned on axi: f
j-1 “to 1809, for which Tever g is used, -so that any kind of flltor can
.-be plach over each of the thermoplies, The accuracy of the ‘adjust-.
ment of the’ settlng is guaranteed by screw 1 of the setting and by
pin J.. Kl and Kz are ‘didphragmsy. The- Sbtt]ﬂg and the plate with
rings. axc thorcughiy ‘cHroRe: plated, so that. nhelr tcmpurﬂturu will:
noﬁ vary muach with’the oounlng and-closing of .the top of the
instrument.,

. T .
> ; L T .. ~
. . L ;

i
i\
|

. : R . ‘ ) ﬂ/
The tep consists of a brass plate a (figure 2), painted
black, the temperature cf which is determined by thermometer b.
~ The .reserveir of the, thprmometer enters into copper pipe g,
~ soldered te plate a and packed with metal she wings, Plate d of
- polished olumlnum, protects plate a from recooling due to
v|  -radiaticn from the sky The upwrturu of the instrument is
illmltvd by the openings of the diaphragm Ki. Therefore, not only.
the beams whlch proezed” dire :ctly through the: dlaphrc smand,
filter, but also those which arc:reflected. from the inner surfac
of the scekets and rings of plate d (figure 1) fall on the
thermopile. Since the theory and methods of measuring effecctive
b radiation with llght filters are not yet worked out, we must pay
particular attention to them in the prescnh ertlcle. o

~~

i vt ShCRmT |
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:The lntenSLty of radiation absorbed by the thermopile---radiation
per solid angle at angle z for spectral band dr~--may be ex~
ptressed by the formulac

dlA’J b(A,z)d;aDt\, \u)uﬁy (a)cos z, @)

" where b(r,z) is the monochromatic 1nten51ty at the incident angle,
4 is the coeff101ent of abscrbtien: of the thermoplle, D is the
“factor of reflection of the filter; 2 :(Z) is fts coefficient of
transmission; S is the area of the thermopile; and® :(z) is the
coeff1c1ent taking account of additional light from its rays re~
flected from the surface of the ring in the socket. Wie shall
designate the thin filter by the index J-l ‘and the thick one- by
=2
It is not dlfflculb to ohOW that if we overlook in the ilrst
-approx1metlon the very small loss of energy accompanying re-
flection from the chrome surface and consider that the reflected
rays also fill the lower aperture of the socket of the filter,
then,

P 4(z) = 321, (2)
S_LJ i

where So3 is a part of the surface of the upper aperture of the
ring which is illuminated by rays proceeding in the given
direction, and 513 is the surface of the lower aperture of the
setting, The area Sy; is easily calculated by the corresponding
geometric formulae. 1{z), as is evident from table 1, doss not
have completely identical values for the thick and thln filters
in our instrument as the rings holding them in place have been t¢
be of different sizes.

Table 1
cos z1  0.975 0.950 0.925 O, 1900 O. 875 0.850 0.625 0.£00 0.775 0.750
2 . 0 12.8 18.1 22.3 25.8 29.0 31.8 34.4 36.9 39.2 Ll.4
CP1(z) 1.03 1,03 1.03 0.99 0.86 0.68 (.53 0.27 0.21 0.09 0.02
$o(z) 1,13 1.13 1.13 1.07 0.9% O.74 0.56 0.40 0.24 0.12 0.03

The complete intensity of the radiation absorbed by the
thermoplle will be: .-

I

or, considering that b(x ,z)th (z) is ‘net significantly changed
within the aperture of the nngle of the 1nstrumant

ii= waDSf»i/bOU Jh‘ (%ﬁdk,

ij\zzé' di,_,jdw =27 aDo‘f’;‘" b(A‘,Z)t;\’j(Z)@j(z)cos z sin zdz dn,
: ) Az

_‘!’L_
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.where zi-is a certain median value of z (center of gravity. ef the
aperture), and\L’ =2 (z)cos zd(cos z) is the character-
istic of the aperture callbg by Dubois (4) the "plane angle
relation® (FLACHEI\‘TJ\TI\'KELVERHALTNIS) As we consider this term
too cumberscme, we shall call it the dlaphragmatlc coefflc;ent.

Assumlng that in thc flrst approxlmatlon b(A,z)t (z) is a
 linear function of sec gz, we shall. obtain the follow1ng formula -
for the centﬂr of 9rav1tJ (TN: medlun valueQ)

Sec z 2j'§§ 1(Z)d(cos %l T j,lu‘_(;)’

S

/o

The calculatlons give for our 1nstrument

23,59

2w Sty - 0S5 5 -
8 m filter: -, = 0.158; 7y = 24,00,

In the future we shall assume 2z = 2, = 23.7°; the remainder of
the electromotive forces developed by the thermopile with the lid
“closed and the instrument open is proporticnal to the difference
of the intensities absorbed by ths thermopile in that case and
any other. .
- 4 .
Considering that the 1id is a gray reflector with a .-
coeff1c1ent of absorbtion a, (for carbon black on the shellac
~ varnish, a, = 0. 96, according to Albrecht (3) and denoting its

temperature by € we shall have:

ey =prabSTy / /3B, (M) -b(A,5)7t,. ,J( Janz D/‘[O B (A)-
T b 7_L7t/uJ\Z)d’\ - . . (L)

where B(A) is the monochromatic intensity of radiation 6f an
absolute black body, and p is the constant qpantlty for the given
thermoplle. The quantity-

EL/ Zﬁobgc\>—b(A,Z):7£hj(Z)d%\= q:, roughly speaking, may be
- designated as the effective radiaticn”of the 1id through the
given filter. The quantity my = 1 is the conversion

P p""a..t\g"

factor of the instrument, determined at the ‘time of calibration.
If my and my are known, then the measurements may be calculated:

Qy = mey, gy = Myey and q= -0, = DJ/ZE;BO(K)—b(K,Z)_7£Kda,
S - ’ :
’.wh@ro tr\ (E)ot (z). The quantlty tr may be treat d as
" the CO@fflCl@nt of transmissicn of the 1magln~ry fllter equlvalpnt

te thg pair of filters, so that it. would-be possible to measure-
the unknown qpantlty q = q:L - q2 with them.

The prusence of the two thermoplles allows us to use the '
instrument as a dlffercntlal and to obtain g from a 51ngle

- Approved FQr::Re_I«easfe 19,99/08/25 : CIA-RDP? B
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medisurement, for Whlch thc thurmo 1les must be ‘adjusted so as te
give readlngs approuchlng ®ne another. "This method, very
advantaegeous for rapid. oocillatlons ‘of radiation in cloudy
weather, was not used in the’ present work " and measurements were
always made w1th elth‘r one of the thermopllcs.

Knowing g and thu tempkrPture of the lld it is dlso pOoSiblv
to calculate the intensity of rad¢atlen of the atmosphere, the in-
tensity being filtered by such an equ1vaLunt filter. Therefore:

= D/ bh,2)tadh = Dag B, ()t dn -q = 2gB(0)-q, where B(6) =
DJ'B (A)t,dn. The quantities ta, (2),ta,(Z) and tp were calculated

by tho coefficients of absorptlon of fluorite of Relpkobvx and
Kipke (h) '

As is “shown in figure 3, the cqplvalbnt filter will not give
the transmission at N 7p .,where fluorite is almost completely
transparent. HOWPVer, it tr nsmits a considerable guantity of
energy the ranges 7 -:8. 5u and 12 - 13w . In these ranges

Ot
- A-—l—*- e f: e "\“"461‘/

6 7 8 9 oo 72;3

water vapor must have a coralderabLb ebsorﬂtlon

Figure 4 shows that the vcrlatlon of tumperaturﬂ of the
filters only. cause:small deformations of the curve of transparency
of the equlvalent filtor. For working .out observations, - detailed

-tablcu were Sut up for the functions: B(&) :;'OZ and ggg;g

where 9' is the tpmppraturc "of the flltero. It was assumed
that D = 0.962. Therefore the absolute value of D does not enter
into it, since its deviation from the assumed value 1is

SECRET
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- dutomatically taken inte account with the calibrations. The latter
were made with the help of a standard radiator for which either
‘melted snow or the bottom of a vessel filmed with warm water was
used: The temperature of the water was determined with a »
thermocouples If we are to note all quantities relating to
calibration and the thermopile,” than obviously:

J
]

o Sy Mm%y
ms = aij(O )~a Bj(b )

e J*
where By = D S B, , . (3)dn . Therofore if was assumed that for
the snow a* = 1 and }oﬂ the bottom of the vessel a* = 0.96{

. The_conclusion from formula (4) contains 2 hidden assumption
that opening and shutting the 1id of the instrument does not
change the temperature of the filters and other parts of the
instrument showing an exchange of radiation with the thermopi.e.

- However, regardless of the measures taken (regrinding of the
filters to fit the sockets of the "solid setting and chrome plating
the latter), analysis of the readings on the galvapometer with
successive opeings and shuttings of the instrument at the time of
change convinces us to the contrary. This phenomenon, known in
work with radiation-pyrometers (7), is very troublesome. for us,
since it creates a certain sensitivity on the part of the

© instrument to radiation of the wave lengths which fluorite does
' not filter (absorb). If the spectral composition of the radiation
were uniform in respect to both measurements and calibration, the
phenomenon under consideration would be automatically accounted

T for. ‘ o : . "

. : -

" The above mentioned analysis of successive readings on the
‘galvanemeter, which cannot be presented here due to lack of space,
convinces us that thanks to the difference in spectral

~ composition it is necessary to introduce a cocfficient of re~
duction equal to 1.02 which may be regarded as a constant, in
order to determine the conversion factor directly. Numerous

- calibrations of the instrument, regardless of the scattering of
the various data, show a good correspondence among the averages
obtained from snow and from the warm vessel, It is thercby dis-
coversd that the instrument has a temperature cocfficient of about

0,3 percent degree., Thercfore, if o5 and m, o &re the constants

of the instrumcnt obtained by calibrating and reduced to 0o,
then to work out the observations it is necessary to make use of
the conversion factors:

My = 1.02m ,o(1 + 0,0036) and Uz = 1.02mp (1 + 0.0036).

Observations werc generally made hourly after sunset. A
considerable number of readings was taken from cach of the filters
with the instrument open znd-shut at intervals of 30 seconds. The
opening and shutting of the 1id of the instrument was done with
the help of a stiff wire rod from a tent in which a vertical
galvanometer was placed. A1l observations, sccompanied each time
by a determinatiqn of the sensitivity of the galvanometer, took

N

-7 .
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from 15 to 20 minutes. In ail, 67~ good #bservetions: were obtained with
. a'cloudless sky. Let us prese nt the uxtremal values (in units of 10-3
cal cm? sterradian), together with the correSpondlng value of the
temperature and absolutp humldltJ< B <

fnmx = 6 5( —’20 5 o = 18 7 mlllibqrs N e ) -

{

jmin = 1.0(4, = 17. 30- : o= 1.2 miuibars

On the analogy of the furmuLas of Angstrom snd Brant, one may
grant that in the first approximation f = B(+ O)F(,o), If we
pre scnt thu values f for all obsarvatlons depundlng‘upon absolute
' Bz | T ' o
humldlty, a con31derab]e dlspcr51on ‘of various p01nts is evident.
. .Howcvur, thp dependencb of the delan values f‘ in each integral
‘ : gL Biso N
of humidity upon’ <6 1s ch'wr:«ct I'lZ:,d by a smooth curve (SP(; figure

6).

In the course of two nlghts, obserV°tlons were made every one

or two hours. They ‘did not dlsclose, ‘however, any significant -
.chahges in radiation. It is possiblé’that _ f decreases ‘in the
o’

first six hours and incréasés in the secohd.
: In order to rpach qome Alnd of conclusions °bout tnb radiation

" properties of water vapor, sxperiments were carried out to make the

observations correspond with the results of thboretlcal computatlons,

. based on various hypOtheSbS on’ the magnitude of the mean coefficient

of absorption of water vapor in the region of its maximum trans-
pérency., The data in figure 5 show how vOuffl“leﬂtS of absorption of
water vapor in this spectral’ band vary with wave lcngth on the basis

of various 1nv stlgatlons.
o
. C8r ..

0.7
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The data of Albrecht’(B) are average values. They are
obtained by. a special reduction of quantities obtained by Hettner

under laboratory conditions. These data were frequently used

until recently in‘¢@1culatibns of the balance of radial energy in
the atmosphere. They were presented also in the widely dis-
tributed handbook dn metcorology by F. Linke (6)., On an average
they give Kg = 0.2 for the spectral band under consideration

(curve i, figuru-S).

The data ©F Adel (curve 2, figure 5) were obtained from
changes of solar radiation with a different content of water

vapor in the atmosphere, the changes being produced only in re-

gions of contihuous absorption, i,e., outside the line. The data
of Elsasser (5) (curve 3, figure 5) relate also to continuous

absorption. They were obtained by: calculation on the assumption -

that continuous absorption in this part of the spectrum Wwas to be
attributed to the edges of rotation bands. (¥1) For wave lengths

of over 10 Weber and Randall measursd the relative absorptions

L 7

of marious lines, 2nd the method applied completely éxcluded the
background of centinuous sbsorption. o

The data they obtained might be roughiy considéred as

‘average values of reletive absorption in various lines, =nd the

averaging was done in a portion of the spectrum, the extent of
of which is determined by the practical resolving power of the
spectroscope., Therefore, the average relative asbsorption A on any
portion of the spectrum A A, conditioned by all the lines found in
it will be: ' ) -

I=40 5 hy),
K Lo > AC\l){

whered i, is the resolving capacity of the,Spectroscopc in the

‘given section, expressed in .units: of wave lengths. To this

absorption will correspond soms average coefficient of absorption:

Kt =1 "1,(174),
w- ~
where w is the thickness of the stratum of water vapor (in centi-
meters of water). Evidently;,the_full coefficient of absorption
will be: ! ' o

)

K =K, + K,

© (#1) TN: ¢f Elsasser, Monthly jeather Reviéw, Vol 65, p 324:

"Under the conditions realized in the atmosphere, .line
broadening is almost excluslvely due to the perturuation
of the radiating molecule by,collisions with other gas
molecules " and "The experiments show thot with the ex-
ception of the gap around 10 @, the absorption in ‘
_sufficiently thick layers of water vapor is prectically
continuous. We may therefore cohclude that the main part
of the absorption in thick layers takes plac: in the
-ddges of thé lines." - ’ ' .

Approved For Release 1999/08/25 : CIA-B DP78-031‘69A000500010007-7
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where K is the coefficient of“con*inuous absorption.

Using the value A(Ai)dfx nnd W fr@m thu work of’ Weber and
Randally and K, from the work of Agbl ‘we shall obtain the follow-
ing mean CchflCluﬂtS of absorptlon ?cr spectral bends with a

range within 0. St

Ao+ 10iR5 < — 10,75 « —> 11,25~ —= 11.75 - — 12 25 “e—w 12,75« —>13,25

K. C.09 0.06 0.04 0.15 0,33 0.37
KO.. 0.12 . 0.13 0.16 . .0.20 0.23 C.31
K..: 0,28 .‘9 0.20 . - 0.35 . 0.56 0.68

Thus it would =sppear that tﬂu Lnflupncb of absorptlon in the-
lines cannot be overlooked., The summary coefficients of absorp-
tion, as figure.5 (curve 4) shows, correspond fairly well with the
data-of Albrecht., Neve rthu]LSS, the calculations below were made by
us for two vorisnts. In' the first of these, on the example of
Elsasser, we completcely disrsgerded the quantity K', and for con-
tinuous absorption we assumed the approximate value KO = 0.10. In
the use of the second variant we assumed, with Albrecht K, = 0.24.

Let us consider for a moment the method of calcula ting the
radiation of the atmosphere in relation to the optical properties
of our instrument. The radiation of the atmosphere perceptible to
our instrument msy be considered as the sum of the radiation of
water vapor, carbon dioxide, ozone and dust, ie:

f=1 Lo I £y, .
o0 * oog*t Tog + T

Let KA(h) Ee the coefficient~of ibéorption of the matter under

consideration, and pk(h) the density of this matter. Then, each of

the three components of radiation can be calculated by the formula:

£ = 13/ f‘s (YOI e an _/; w/ Btm (ayeCaE, (1)
: . » &
wherez = sec Ej K (h)p(h)dh; ¥ = sec z'yikh(h)pk(h)dh;

= ISrk; and¥ K and 7 arc the mean values of'*"k andg -for sp ctral

~J
calcul tvd ‘the formila undergoes considerable rs formatlon and

51mp¢1flcmt10n. We, howcver, -can not stop here for these reformations
due to lack of Spacc; '

band7\ o~ 7A:e If the individual cbmponents (f Ho0? CO »fy ). arc
3

We shall limit ourselves to only the folloWing observations.
In calculating‘fH 0s it was assumsd’with Schnaidt that the

.coefficicnt of quorptlon of: water vaper is proportional to the
square root of the pressure and, COWVLFSLlJ, proportional to the
© fourth root of the absolute temperaturs. Absorption in the weak

- 10 -
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band 9.1 - 10, 9p.of carbon dioxide was calculated by usc of a
theory of absorption in spectral bands which Schnaidt had worked
out.. Thpr‘forc, in agreement with thc theory snd in distinction
from the case of water vapor, it was considered that the co-

- efficient of absorption of cerbon dioxide is proportional to the
pressure, and conversely, proportional to the square root of the
absolute temperaturc. Data on the absorption of ozone in the
infra-red band 9.1 - 10,0k are unknown to us. " Thersfore, on the
basis of figure 7 in thé book of Getts *(IN: probzbly Goetz),
Atmospheric Ozmonc, we assumed purely tentatively fhct the range
of the deep portion of this band equals O. 6u.ﬁno has an absolute
transparency (for the whole mass of atmosphvrlc O?Oﬂv-)

The content and optical propertles of dust are so indefinite
that we prefer to refrain even from a rough calculztion, and so
determine the radiation for the corruspondlng component from com-
parison of calculated and observed qunntltlus. In tsble 2 are
shown fy + fno +'fO cand their sum qnd rulﬂtlons

2 2 3

hiy + fop, * g . .
H0 ~ 700y — 704 L .
g £, B(t Y » calculated on thc follow1ng-assumptlons-on
N O .

‘the stra tlflC"tlQN and contcnt of thu atmosphbru

R I Dlstrlbutlon of water vapor follows thp known formula of
KHERGEZEL *#(TN: probably Hergesell)
2. The gradient of the temperature in the lower levels of
the atmosphere for a distance of one kilometer equals O, but ~bove,
as far as the stratosphere, it equals 0.6%¢per 100 mctbrs.

3; ThQ content of 0, at dlffbfbﬂt hblghts ha 8 the values
3
assude by Vassy. : .

* The c%lculﬂflons are carried: out for two valucs of thv '
temperature and three values of relative humidity ‘at the surface
“of the earth; and for both assumed values, lndlCatud above, of the

couff1c1bnt of absorption of WJtLT va por.

. S ‘ . ' %
o8t -
S _ ' e T
04} . -7
v CE " .
' " 0.3 ' g T .43
=3 : )
N N - — 2-
Q2R . T -°
. X
g
' 0:7 O - ‘ . . . . [
. ;, ', ,‘~ e . et g, /Mﬁ}ﬂl'/[iéo}g
0. 2 4 6 8 10 gz M4 675 20
X< e—2 —o=3

i

(fHZO”*fcoz-+f03)a  is determined by calgulgtioh; in 1 - k.= 0.10;

in 2 - ky = 0.24; and in 3 —z§ is determined by observation,

-
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hs can be seen graphically from figure 6, the second variant
(Ko = 0.24) will give greatly increased values of atmospheric

radiation, as well ‘as.an increased . .dependence..of- thls quantlty
upon absolute humldlty. Conversely, the first variant (K, =
0.10) will give a dependence, - agreeing with the observatlons,
upon the absolute humidity and in general will give only slightly
lowered absolute values..- The-latter ¢ircumstance naturally in-
cludes the 1nfluence of dust. In this case it is necessary to
assume f7_ = 0, 03. . ‘ - .
B, )

- -

Three-times (13 and 26 Aug and 9 Sep 19Ah) at the time of

measurement of radlatlon, -special -ascents for radiosorde were

made, Therefore, in given cases, the radiation of the atmosphere

may be calculated more accurately by using the observed values of

the temperature and humldlty at various helghts. ‘Comparison of
observed and calculated .valuss of radlatlon is made in table 3.
Therefore, in agreement with the abové, ‘it is assumed fi =°0. 03
B(t@ ) and the radiations of other ccmponents of the atmosphere
are increased to 0.97 (Droposed coefficient of filtration of

dust.)

~The data presented here completely bear out ‘the concliusions
reached. Small dlscrbpanCLes between the calculations on the
first variant and the obsérved quantities can be entirely ex-~
plained by incalculable varlatlons in the content of the dust,
ezone and carbon dioxide.

Thus, we may formulate the following 2 conclusions:

‘1, The fean coéfficient of absorption of water vapor_in the
region of its maximum transparency is about 0.10 (em h20)

2. The 1nten51ty of radiation of dust under the condltlons

" of the 'Kuybyshev Observatory consists of about 37 percent of the
radiation of a black body at earth temperature.

The uselessness of the data of Albrecht for coefficients of
absorption of water vapor in the investigated region is not in
itself strange, ‘since they were gbtained by a formal mathematical
method,” However, the value K, = 0.10, corresponding to only one

. continuous absorption, seems.too small The "cause’ of this dis-
‘ crepancy rtmalns obscure. S ‘ .

The observatlons, formlng the ba51s of thls work were

“.completed in their main form by the technicians ,of thc actinometry

group of the Kuybyshev.geophysical observatory, and the

radiosonde by ‘A. 5. Stepardviy, specialist of the asrology group.
The director of the Observgtory, T G Moskv1n, was very helpful at -
all stages .of the work. . :

- 13-
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II. ON THE DISTRIBUTION OF ATMOSFHSRIC PraSSURE OVin THs CaNTRAL
'ARCTIC ‘ '

by
'B. L. Dzcrdzeyevskiy

In tumber 12 of the jounal Arcgtic Problems, 1940, appcéared
some monthly charts of isobars in the Arctic Cirele, drawn up by D,
B. Karelin (4). The work was based on data from 75 stations, 49 of
which were located north of 60 degregs fiorth latitude-and 33 within the
Arctic Circle, Only those stations were used which:have a full 8-
year series of observations. This principle, however, was not
rigidly applied, since it was possible to i1l various gaps by in-
terpreting available evidenceé, and data of the stations North Pole
and Sedova are used. Their cobservations; it seems, were also cited
for the 8-year period.

There is a great practical poséfbility of evolving more
accurate systems of diagraming the distribution of pressure in high
latitudes; and the theoretical significance of such systems, as well
as the progress of Soviet work in the arctic, the organization of
the vast notwork of the polar stations, the many expeditions, and
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2 'flnally, ‘the observations in-the very center of th@ arctlc, all
i inolcate a possiblllty 1n this diructlon.

All th se materldls were completely QXplOltvd oy mySelf in
worklng out the obsorvetlons of thc st?tlon North Polu (2 3)

a ~In compsring my maps w1th thOSu of D. B. Karelin "I was
obliged to note a marked disgrepancy between them. Thv great
> . * Inmportance of the problem suggests. analysis of the causes of
' 'such a dlscrcpancy, ‘which I shall try to make: Since both D.
B. Karelin and I comparcd our. maps with the analogous maps of-
~F. Baur (1), I shall rofer to thum here.

On the naps of Baur, uverdrup (6\, and mysolf 1sob1rs are
drawn for every 5 millibars; and on D. E. Kerelin's, every 1-2
milllbars This cr»atus an - 1mpression of great accuracy of de-
tail in rbflbctlng the distribution of prissure. But this
sccuracy is only apparbnt. Diminishing the integrals betwsen
the isobars can show new details only if there 1s an extra-.
*Drdlnﬂrlly close network of stations to verify and prove such
-mccuracy. In thé absence .of such:dstailed data to start with,
the ﬁd@ta111ng” is reduced at cnce to.drawing a large number .
" of” meaningless. parallel isolines. . The maps of D 'B. hurelln
are & prime examplp of this. (flgurb‘l).

, He devotes suff1c1ont attbntlon to the concurrvan of the
! : gbneral conflguratlon of lines .at the peripheral parts of all .
" three serivs of maps (espe ecially in the winter‘half of the
« yoar) and their divergence. in. the central- parts of the region. .
" (especially in the summer half of the yuhr) Thls vch area
and Sudson arc most 1nturest1ng. : ' .
Baur S, maps were based on: datq gatherud from L850 tc 1927
in the high latltudbs. The duration of Sbservations at each.
‘point was dlff\rpnt. ‘More important, -the serics of s1multanuous
observations was very small. COnquvath, Baur's application
of such varlugated data to onc period is rather questionable and
.iistconfirmed, up to a certain point, only by the absence of other
3 possibllltles. For the central arctic, Baur Had at his disposal
only the observations of the "Fram," and the distribution of .
prussure in this most 1nturestlng area remflncd *hv lcwst de-
talled tnd erlflbd : .

o . e . Tho data of recunt ybars may bu us°d in two ways

S R Addlng thpm to thp alreedy uxlstlng scries of d ta and
,constructlng maps bPSvd on the $eries thus 3mp11f1bd. ' : .

2, Proceedlng only on thv basis of thﬁ ﬁnlform clu’c,'1 of re~ .
‘cent yeurs . %

Thv short duratlon of the plrlod 1t is true, mﬁkco the.
cllmﬂtologlcﬂl autherticity. of the conclusions quéstichable; but
it is qulte svident that even the first varlunt undcr these
condltlons wlll not gqu thls assurance. } ;o

~In imct, whwt dvérpu .of TOPllty will thu ‘short> tlmb o
'OwarV&thHS of thp station North Folt and: Sudova have aftur

B Approved For Release 1999/08/25 CIA- RDP78 03109A000500910007 7 _




R RIS RN . LT e o !
3 1 g oo

4

‘Approved For Release 1959/08/25 : CIA-RDP78-0310“9A00050(')01010/07‘-7

N

CPYRGHT o | SECRET

they, are applied to the long-term period, obtained in turn by
collation of short and nonsyzcessive periods from different
stations? Undoubtedly, such an operation vitistes the value of
.new data, S SR :

Accordingly, in my work I made no collations with the long-
term period, using only similtaneous observations. In con-
fermity with the general problem, the years with observations in
the central arctic were taken---1937-1939. D. B, Karelin shares
this point. of view, but he does not achieve it practically; re-
Jecting the application of recent dats to the long-term period,
he nevertheless includes data of the station North Pole and
Sedova in the 8-year series, cvidently applying them to this
serics,. ‘ : o , '

I consider that the possibilitics permitted by new
observations are to a great extent vitiated in this way.

In any case, let us detcrmine the different duration of the
periods taken by D. B, Karelin and myself. Could it be that the
difference between them noted above can be explained just by
this? Such an ¢xplanation is unsatisfactory. A little later, I
shall show why. For the present, I am demonstrating the fact
that, in any arcas, and particularly in the central arctic, one
*| cannot draw isobars, so to spesk, mechanically, without 2 Jefinite,
logical, guiding concept and without means of checking the result-
ing conclusions with othy¢r material. In this case, the system of
the general circulation of the atmosphere must be the leading con-
cept, as well as the dynamic connections between its basic members,
established and checked in the light of good observations (includ-
ing aerclogical) from other places on the globe and by ths methods
of checking called synoptic analysis. Without this systcem of
diapraming, the isobars will be indecipherable and inconsistent.
Strictly speaking, it will not be possible,as a ruls, to formulate
certaln noteworthy systems. o ’

I shall use as an illustration for the above = séries of D. B.
‘1 Karelin's maps for various months of the summer half of the year.

~ How, for example, can the July map (figure 2), with three
adjacent but isolated anticyclones located on diffcrent stratal
surfaces, be dynamically cxplained? Or how can the huge, many-
centered Asiatic depression outside have equal status with them
(E¢ N: apparently refers to "anticyclones" above)? | Having
adopted such a system, already apart from any other, we shall
have to recognize the existance, during this month, of a steady,
-southerly flow across Alaska and Chukotka, as steady 'as the
northerly and northeasterly flow to the Taymyr FPeninsula. The

. observations certainly do not support this.

In August (figure 3), the center of the polar anticyclone

| (p>1,012 millibars)is located between Wrangel Island and the
coast of Chukotka, and ispbar 1,011 is formed without reaching
120 degre:s west longitude. Tho second anticyclohe occupies X
all Alaska and Canade, and its center is located in subtropical
latitudes; but both these anticyelones nre denoted by one

isobar, forming,an inordinatcly cxtended crest of raised pressure

i

'
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to Greenland, Dverywhere in the central arctic there will re-

o main & field with no. gradient actually permitting one, to set up
any process or system here.. On Baur's map for this menth
(figure 4), the field is.also-without a gradient; but certain

isolines have not been drewn on-it,-even with dots, and it
appears to emphasize the desire to not enter into the field of

- unsupported suppositioss. . . - . - ' :

i In-Ssptember;(figure‘S)g-the system of the preceding month
is prepeated in still mor: pronounced form by D. B. Kerelin.
‘Thereby, an extremely indeterminate map is created, unsbls to
bear the test of its dynamic basis. :

Thus, by .drawing isobors mechénically, rofering only to the
value of the pressurc-at various points, it is possible to ob-
“tain ten more baric: systems, not completely similsr. And no
one of them will have preference over the others.

‘However, the guiding concept in D, B: Karclin's maps
evidently was the necéssary existence of 2 polar anticyclone
during the wholz yéar. .This also led to unjustified systems,
but with, at least, a similarity to the reglon of raised
pressure., If such a concept could have been justified in
Baur's case (although he'used it very carefully), it is more

- difficult to agree with now. - R

_.As contcmporary mateiials have shown, the number of days
"in the summer months-with cyclonic activity in the central
arctic is -equal to,. or more than, the number of days with

. anticyclones. Synoptic anslysis of-cyclones heas shown “that
their structure and phases of development correspond to our
ideas of the development of analogeous processes in subpolar

" and temperate latitudes. - Therefore, it was possible to-

" establish the predominance in summer of young wave cyclones in
the central srctic, the cxistence of steady forming froats, -
and consequently, the existence of circulation systems, )
guaranteeing the development of-the inevitable fields of

- deformation. : S :

Not stopping here with. the series. of extro considerations
and data used.in thc construction of the maps, I shall refer
“to0 a fow of them (figures 6-8). The cheracteristic
- peculisrity of the. three: summer months (June, July ~nd
August) - is the prevailing depression. in the polar regions.
, Returning to the meps of' D. B. Karelin and especially ‘those of Baur,
it is easy to determine. that the place for this depression is
Tocated on the maps of both, and it makes the system on the
. whole map more logical and authentic. . ce

. There is indicated everywhere on my maps, in the months of
the summer half of the year (May-October), the position of the
frontal zones and the hyperbolic points generating thelr
fields of deformation, The seasonal displacement of the
arctic front hes been determined---from the usual position for
‘winter (November-April).and nelghboring months (May and October)
near the latitude position to the summer one near the meridional
position-from the continents to the polar depression. -

- 19 -
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The totel lack of acrologic:l. obSprv(tions in the central

" arctic prevents giv1ng exhaustive explanations for the determin-
ed ficts,  Now we must confine QuruuquS to the hypotheses alone.
.Rcmumburlng that the amount of r<d*1tlon in the .arctic in summer
is larger than “nywhcle on eﬁrth the formﬂtion of the polar
4depre331on may be connszcted w1th it, This is confirmed by the
slow degenerstion of the warm air masses here. Depressions of
thermal character do ngt usually connect with fronts. In the
present case, we chdLntly ‘have a comblnwtlon of thermal and
dynamic factors, rclnforc1ng each other. .The process is begun
chicfly by the nrrlvql in the central arctic of & deep occludent
eyclone. The deepening here, under the 1nflucncu of the
peculisry conditions, makes the dbpr6331ons strengthen the flow
and regeneration of fronts of occlusions, In this way, the
dynamic and thermal condltlon 5 re:nfor01ng each other, bring
about z wcll dbvelopud process.,

In order to be convinced of the authenticity: of the new
systems, some checks were devised. In pa irticular, on the
synoptic maps of the northurn namlsphure, a number of days

*. were noted in which e“ch of the stations was in the cyclonic
circulation. Averagss of each month for three summers werc
put on the map, =nd isclines wers drawn in accordance with
them. These maps well supportud the intensive occurence of
cyclones in the polar areas, as shown in the distribution of

- average pressurs, the correspondence of frontal zones with the

axes of the region of maximum cyclonic occurrence agreeing with
it. (TIN: ie, the pressure,) The seasonal symmetry of the
trajectory of the hyperbolic point of the field of deformation
fmmngimeﬂrd@cfmmt its mmpernwnm‘meﬁnﬂngms
system of H. Sverdrup (6) for trajectories of instrusions into
the arctic atmosphere in various seasons, and the course of the
quantity of perLpluﬂtIOUSJ all supported ths conclusions
h?rmonlously

It rcm<lnpd to sova the problvm of tht StabllltJ the
obtaincd systems have, and whether they were merely conditioned
by the peculiarities of the 3-year period studied. Can it be
that the discrepanciss between them and the maps of D. B.

. Karelin are due to the fact that he took & longer pericd?

For chuqﬁlng thu conclu31ons from this point of view, aside
frem the comparison w1th the data of H. Sverdrup, the amplc and
comprehensive work ¢f I, S. Lir (5) was used. Using data cover-
ing 35 years, it established weather types determined by the
'dlspostlon of flow, opposite-in their quantities end dirsction.
Two such streams bring about the formetion of a front between
them.

Mepping the position of the réctilinear flow of E. S. Lir
and the position of my own frontal zones, I obtained a
satisfwctory correspendence for all menths. In this way, the
comparison -of results based on material of 3-end 35-yesr
periods bears out the grent stzbility of the position of the
Afronts,and COﬂoCOubftly of the circulation systems which
condition them. Therefore, the application of actually

- 20 -
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‘homogencous meterial nlone is justified, even if over = short
period of time, since it is a periocd, with a basic advantngs,
observations in the central arctic, along with the extended
network of polsr stations permitting one te process the material
with synoptic analyses. ’ '

‘ Consequently, the discrepnncies between my maps and those
of D. B. Karelin are not dus to the differecnce in the length of
the periods. I have tricd to demonstrate the fundamental nature
of these descrepancies.
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I, 4 STORM OCCLRRENCE OVER THE CENTRAL REGIONS OF THE
- KUROFEAN TERRITORY OF THE USSR

oy
I. G. Pchelko . _
"On the night <f 23 Sep 1943 ~nd during the day of the 24th,

stormy weather with an exceptionally strong wind was obscrved over
the contral regions of the European Territory of the USSR. The

_oblasts of Smolensk, Kalininsk, Moscow, Tul'sk, Rynzansk, Ivanovsk

and Gor'kovsk, chiefly, werc buffetted by strong winds. In these
provinces the wind reached hurricane proportions and caused great
damage to the national economy. L

‘Unfortynately, adequate investigatidn of the phenomenon can-
not be carried out becausec the synoptic processes giving rise to
the strong winds developed in grest part over territory that was
not observed at the time, =nd consequently, we do not have at
our disposal the meteorological and agrological data necessary
for investigation. . The.whole analysis of the general synoptic
situation, with the advantage of ‘even very limited aerological
data, is highly interg¢sting, and the results of this anslysis will
be useful not only for working with an abridged mep, but also
with a fairly complete map and for any other region.

After a -prolongcd period of anticyclonic wenther which en-
veloped a considerable part of the European territory of ths USSR
from 17-18 Sep 1943, a period of cyclonic activity sect in,
developing in a direction from Iceland toward the Barents Sea.

On 20 Sep the intrusion of a cold, maritime, arctic air mass was

noted in thé rear of the cyclonic region, oceupying the area of

the Barents and Norwegian Seas. At 0700, 21 Sep, in view of the
strong northern westher, the arctic intrusion, enveloped- the
whole territory of the Norwsgian Sca, the Scandinavian peninsula,
and the northsrn areas of England.. The speed of .this flow at a
height corresponding to 700 millibars was 50-60 kilemeters per
hour, and ot a height corresponding to 300 millibars it wes 70-
80 kilometers per hour. The position of the arctic front on the

. morning of 21 September is indicsted on figure 1 by two thick,

stippled lincs. &t 1900, 22 .September (figure 1) the arctic
front advanced from the cyclone over the Barents Sea across Lake
Onezhskoye, Polotsk, and far to thc southwest, presumably across
the southern districts of Germany. To the east of the principle
cold front, at a distence of approximately 200 kilometers, = bent

_branch of polar fromt ccclusion was noted.

\Thevsyﬁoptic map for 1900,'22 September (figurc 1) should
be of the greatest intcrest to us since strong winds over the
central regions of the Furopean territory of the USSR began just

" 24 hours after.the time of this map, and therefore with a good

prediction a warning of the danger could be given on the basis

‘of this map 16 to 18 hours beforc its onsct. What are the

pgculisrities of the synoptic processes depicted by this map,.and
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‘what details are worthy of serious attention? It is evident that
an -ominous. developmcnt was taklng place in the atmosphere at thla

«tlme, and it ehould certalnly have been announced.

.. The arctlc front over reported terrltory was very weakry
marked on the surface of the earth; it was dlscover d by only

. small breaks in the field of baric ‘tendencies, a. ‘slight rain was
" recorded in places in the frontal zone, winds on this and the

other side of the front were weak and almost in one and the same

‘ dlrectlon, and the temperatures of the air masses alon the front
| differed in all only by 2-3. degrees., ALl thls 1ndlcated

synoptlcally only that the frontal zone in goestlon is hardly thé

",main front, and that thls front ev1dently dissipates and therefore

lacks an adeouete supply of energy It was assumed that this front,
over unobserved terrltory, was located in a qua51 stationary
positlon, 1n a gradlertleos barlc fleld - o L

Tt is evn.dent that wa.ve formet;on wa.s a.J.ready taking place on

" this part of the front. Such a disturbance could have been formed

by a rlslng, normal component of atmospherlc currents at the main

front, which, in their turn, were a consequence of the presence of
. 8 secondary cold front and a trougn connected with it, located
‘somewhat north of the main front, (flgure 1). The wave dlstnrbance,

denoted by a closed isobar of lOlO millibars, was formed over the
terrltory cf Poland.

i

Hav1ng set up a synoptic background the gue;tlon arlses Cif

»

wthere is a wave dlsturbarce, will it become developed and how
‘intensively? Analysis of terrestrial data on the reported terri-

tories, as was stated above, leads to. ne5at1ve conclusions. Aero-
logical data, unfortunately very limited, should be more signifi-

;cant, if these data are timely and correctly analyzed.

\ .
} On a map of relatlve topography a frontal zone of 500/1000
mllllbars (flgure 2) altitude between the cold area over northern

Europe and the warm area.over southern Europe corresponds to .the
position of the arctic front. To Jud"e by the thickness of the
isohyp, the. temperature contrast in this zone averages 24 dekabars
per 1,000 kilometers; that is, very close to a critical value,
determlned for active frontal zones by the investigations of

| Pogosyan and Taborovskly. The différence in equivalent potential
»temperatures between the former maritime polar atmosphere and the
‘maritime arctie. atmosphere was about 8 degrees. which also, accord-

Ang to Bergeron, is rather close to a critical value for the main
frontal zone, But above all it is necessary to consmder the change
in the speed of the wind in the given frontal zone as cnaracter—

| istic. The speed of the wind on the ground along the frontal zone
-} on the mornln@ of 22 September 'did not exceed 15—20 kllometers per
- hour, and at a helght corresponding to 700 mlllibnrs, by the
Jobservations in L eningrad and the Smolensk-Velikiye Luki area, it

Eeached 60, kllometers per hour., From the morning to the evenlng of
2 September, the wind at the earth's surface remained weak as be-

| fore, while it strengthened to 80—90 kilometers per hour during

.tHis. porlod at a height correspondlng to 700 millibars.  Such a

|sharp increase in wind velocity at the time and at that altitude

was clearly connscted-with the 1ncrease of the teuperﬂture contra st
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'at the frontal zone, and consequently it 1nd1cated an arcentuatlon
of the zone and ‘a possibility of.an active cyﬁlogen651s on the
arctic front. Accordlng to Trcjtskiy (3), as is known, this is
an indication of a cyclons issuing from the southwest. And finally,
the supposed wave disturbance over the tprrltory of Poland was
vlocated near the delta of the frontal zone, which, in accordance
with the 1nvest1gaflons of Fogosyan and Taborovskly, points to the
p0551b1]1ty of an 1nten51VG development of this disturbance.

At 0700, 23 Septembcr, for a pbrnoa of 12 hours, the p051tlon
of the newly formed cyc]onlu disturbance was more definite, al-
. though a large part of it was still over unrccorded terrltory
The .center. of the dlsturbar0u was assumed to be in the region of
Mlnsk with a pressurs somewhat bblOW ] ,000 millibars. The zone of
precipitstions, connected with the _walm branch of the arctic front,
enveloped all of Kalininsk and parts of Smolensk and Moscow
. Oblasts. The negative baric tendencies reached 3-4 mllllbars and
& sharp decreesse of pressure and a sécond area of heav
precipitations was notdd not only against the warm front but also
gouth of it in the warm sector. The last circumstance obllgcd one
to assume the existence in the warm sector of some other frontal
division. It is difficult to.say what the nature of such a front
was., Possibly, this was the residue of the old dupr6581on over
western Europe and the disturbance we are considering is the re-
sult of the regeneration of such a depression, But such a
" supposition is difficult to reconcile with the history of the
develepment of the processes in the west on the preceding day.
One might also suppose that this froht is the end of the bent part
of an oceclusion of the cold‘front type, the part connected with
the cyclone over the Barents Sea. Ih any event, the existence of
a front ahead of ths mein cold front was vorroborated when the
process shifted to recorded territory. The winds on the earth's
surface in the area of the developed cyclone were still very weak
and did not exceed 2-3 balls (TN "balls" are numbers in a scale
such as the Beaufort wind scale). Probably, the application of
Gllbert‘s well-known rule would be very pertinent here: "If a
drop in pressure in a cchonlc area is very marked but the winds
are weak, the cyclone may turn 1nt» a very strong rotor.m

At 1900, 23 SbthMbvr, the cont r of the cyclone was al-
ready in the Mozhaysk area with a pressurc of about 986 millibats
(figure 3). Thus, the leturban0ulwaa deepened for 24 hours- to

_ approximately 22 millibars and was displaced during this pbrlod
for approximately 15C0 kilometers,. advancing at an average of
ebout 60 kilometers per hour. The comparison of the average
speed. of the cyclone at the earth's surface with the average
speeds of the main current at the higher levels indicates that in
relation to the speed at a height corresponding to 700 mllllbars,
the speed of the cyclone at the earth's surface was 0.75, but. in
relation to the speed at.s helght vorTLonndlng to. 500 millibars,
rabout’ 0.60. The cyolonu_ ecame a' strong whirlwind with very
large horizontal baric ngULVnts. The latter reach 5 millibars.
per degrce of the meridian in the warm sector of ‘the cyclene and
give rise’ here to southern and souLhwest winds up to 7-8 balls.
But thé largest gradﬁcnts were crvated in the réar of the cyclons,
where they reache d ten millibars per degree of the meridien and
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conditioned the winds of the north quarter to 10-11 balls (over
Kalininsk and Smolensk Oblasts). The disturbance at this time
reached the stage of a young and ideal cyclone. Its devogning
continued until midnight on 24 September, when the pressure in
the center went down to 983 millibars. Thus, the general
deepening of the cyclone from the time of origin to the stege

of highest development was approximestely 25 millibaps. The
‘baric tendencies both in the area of decreasing and in the arca
of growth had at this time almost identical. ‘absolute values; that
"is, about % 5.0 millibars. 1In the follow1ng houtrs the growth
began to uxceed the decrease and consoq;ehtly the cyclone was
already bcglnnlng to form. Tho—force of. the wind reached ‘its
highest valus abcut this.timé, and. the northwest wind was at its
strongest at the rear of the cyclone,-wheré it coincided with
the area ©f. th grketust 1ncreﬂsp 1n pr=ssure

Durlnb thy next 30 hours *hu occluilng and .gradual forma-~
tion of the cyclone took place. Thé wind gradually weakened at
the same time, During thuau 30 hoars the eyclone shifted from
& fairly large northern componunt in accordance with the changed
dirscticn of the mein: current The. averédge speed of the cyclone
decreased to LO kilometers ppr heur over this period. The speed
of the main current in the upper levels of the atmosphere also
diminished. At a height corres sponding to 700 millibars it
averaged 60 kllombters an hour, and at a height of 500 millibars--
about 70 kilometers an hour. Thus, in this’ preriod of the cyclone's
development, the ratio betwsen the speed of the cyclone on the
ground and the speed of the wind in the upper levels was about 0.7
relative to the speed at a2 height corresponding to 700 millibars
and 0.6 relative to the speed at- a helght corresponding to 500
millibars.

Let us stop to consider some very meortant peculiarities
of the cyclonlc disturbance in guestion. The first of these re-
‘lates to the dlstrlbutlog of baric tendencies. A4s indicated
above, with the approach of the cyclone to the central areas of
the Buropean territory of the USSR, ncgatlvy baric¢ tendencies
occurred both ahead of the warm front and in the warm front, as
usually happens with young, developing cyclones,. but in the
warm sector, ahead of the cold front. On the m2p for 1900, 23
September, when the cyclone had slmost reached its highest
dev;lopmpnt the negative baric tendencies in the warm sector
were over 7.0 millibars, while ‘ahead of the warm front they did
not exceed 3~4 millibars. The shqrp drop in pressure changed
after the passing of the c¢cld front.due to =2 ;strong increase in
pressurce, accompanied by a hurricane wind.

A drop in pressure in thé warm ssctor is always cbserved
in sharply deepening cyclones. This phenomenon is-gencrally
connected with the upward displacement of the atmosphere of the
warin sector and with its decreasing outflow.from the arca of
the cyclone; that is, with divergsnce of the upper. currents in
the given region. In our case this dynamic effect is plainly
very esscntial. On the map with topography correspondin: to
700 milibers® (figure 4) it can be determined that the
divergence of the upper currents begins in the warm sector-ahead
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of . the cold front with very high speeds (80-90 kilometers per
hour). This divergence can be judged more clearly by the position
of the isotherms at the surface of the earth, The latter are
drawn in figure 4 with broken llnes, indicating the striking con-
vergence of the isotherms with the cold atmosphere beyond the cold
front and their still more striking divergence in front of the
cold front in the warm sector. Thus, following the still valid
‘rules of Shcrkhag that it is possible up to a certain point to
Judge the convergence and divergence of upper currcnts by the
earth's’ surfﬂcu, we can explain the sharp drop in' pressure which
takes placs in thu warm scctor ahead of the cold iront

, . The warm front in contr"st 1th the cold front was
loca tcd in.a region of decidedly weaker winds; this was also
pretty notlceable for the same front in the lower layers, and
evidently, thb convergonce of frlctlon in the lower layers in
great part compcns ted for th; leuravnce above. Conseguently,
the effect of the d ivergence of’ the upper currents was
'signiflcantly weak hers, and therefore, there was no such extrem
drop in pressure zhead of the warm front whlch is usuallj note d
~ with young and devglqplng cyclones.

‘The second peculiarity of the cyclonb appuared in the
following: over the whole perlod of development and activity of
the cyclone from the southwest to the northesst, its werm front
did not, show any marked progressive dlsplaCcment In other words,

' the amplltudg of the wave was not increased, and consequently, the
warm atmosphurc did not advance northward 1nto the area occupicd
by the cold arctic atmosphere. As a result the path of the center
of the cyclone did not deviate to the left by 10-30 degrues from
the general dircction of the fronta al zone but coincided almost

- exactly w1th the p031tlon of the arctlc front ahead of ‘the ccnter.

The p051t10n of the arétic front for th» pcrlod 22 ?3 and 24
Spptembcr is shown in figure 5, as well as the path of thu
cyclone from 22 to 25 Suptpmbar. It is e¢vident from this dlagrum
that the movument of the cyclonu in the course of the 2L-hour
period ncarest thv se€lected 1n1t1dl moment001n01dvd with the
position” of the warm front at the givon moment, and the path of tha
‘ecyclone over thv 2h—hour period was roughly equivalent to the
length of the WhOlu area of the warm front. It can be said that the
direction of the'advance of the cyclone coincided with a straight
‘line joining the center.of the area of increased pressure behind
the, cold front with thu center of the area of negative tendencies
in front oﬁ it. -

Thu absence of any M1rkud prOérp551vv dlSpl"Cvmunt of the warm
front of thb cyclons may. be explained by the absence of normal
componunts of motion in the cold atmosphore ahead of the front,
both in the upper and lowsr strata. Thus the warm branch of the
Arctic front remained in a quasi- stutlonarv poultlon, and con-
sequently, the warm atmospherc did not rise in the arca occuplvd
by the cold arctic air. As far as the path of the cyclone is
concerned, it was already established by V. A. Bugayev (1) in
1936 that cyclonus repenerating on arctic fronts (for cases in

A
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whlch the arctlc atmosphere did not extend so far to the south)
‘advance on a. pﬂ%h almost c01nc1d1ng with thu p051tlon of the
arctic front ahead ,tending to. bend from the south around the mass
of arctic air, It is accordlngly referred to the statement of
Shinge: "In the cold time:of the year, stationary and even
vertlcally undeveloped cold mpsses are a great obst“cly to the -
penetration of warm masses,, since the expenditure of a*
particulerly largc .amount. of . bnbrgy is alweys required to dis=
place the sta tionary cold _masses. ! Such an bXplQH“thﬂ drn‘
herdly be considercd _convincing .in our case, if only because we

" have to do with a process of the trmnaltlon"l or warm time of

tho yuer, and the cold air in thn forward part of the dlsturb—
ance did not constitute such a mass as to present a great obs
staclc to’ the penetration of the warm air. The cause of the
sald shift . of. the eyclone and its warm front is bv1c,nt1J to be
found in the strugture of the upper currents, and in particular,
in the 1occtlon of the fie 214 of gonvergence and dlvvrgunCe of
the curr@nt. . .

In cpnclu51on, lpt us mdkb on rompﬂrlson. A qu days

aft‘r the case considered here, very similar synoptic fPOCvSSuS
were repeated, Over. the uuropuan tyrrltory occurrad 2 re- o
petition of the cold, meritime, arctic zir mass from the same ~
reglon - that is, from the dire setion of Spitzbergen and Grben—
land, On 25 Scptomber tbe arctic frontadvanced over the north—
ern reglons of inglend, and at 0700, 28 September it occypied

the position Kanin Cape~lMoscow-Kiev and beyond,almObt to the
northerh shore of the Adriatic Sea. And as in the first case,
this front was so wcakly manifested over our turr;tory that thp
synoptlc ope rptor on duty gcnerally doubted its quSubPCb and
marked the frontal zone only with a dotted line. Tt was supposed
that over the southwvst»rn areas of the Zurcpean Lprrltory of the
USSR ‘this Tront occupled a quasi-stationary position. On the map
for 0700, '28 September (figure 6) a wave disturbance could have

~ been deteeted on this front, over southern Byclorussia. Lot us |

noté,- by the way, that a secondary cold front was noted to the
northwist of the indicsted frontal zong, which, as 1n the first

~casg, uddoubtedly played 2 part in the formatlon of the wave.

The question naturally iPOSL, will this wave duvclop and whati
will bo its effect on the strengthening of the wind? The map
of the relative topography 500/1000 millibars for the morning
of 25 Soptcmbcr showed that the tbmperaturp contrsst in the

“high Lrontal zonc was relatively small, in all only 16-20

dekabars’ per 1000 kilomsters; that is, "less than critical valuh
for thce main frontal zons. The wind VclOCltluS, even 1f Hear

“eritical value, wers considerably weaker than in the case of

23 Septem vr—-that is to‘say, the.wind v4loc1ty was equal to
50 kilomcters per hour at a height corresponding to 70 milli-

“bars, and about €0 kiloms “tors per hour at a height corrds-

ponding to 500 millibnrs; as.contrasted with the” corrbspondlng
80 ﬁnd lOO kllometcrs p T hour of 23 ucptbmbur.“

In wltltudes up to l kllombtvr the wind rp“chpd BO kllo-
neters per ‘hour. Thus; the diffurence between tho sbsolute
values of the wind velocity and the me asurvments of velocity

as it v~ri s'wlth altitude hss shown thnt thug» two cqsas of
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wave formation on arciic fronts mast 2lso. dlffpr in thelr S
fothlV;ﬂuSS. In the cese of. 23 September we.had to.do wlth a
very ‘active-frontal gone, end its activity was especis 211y
significant in the lower layer up to 3 kilometers, in which a
discontinuity in wind velocity from 20 kilomsters per hour at the
earth!s surface to 80 kilomsters per hour =t a height corres-
ponding to 700 millibars was obscrved, In the cese of 28 Sep-
tember the frontal zone was in general much less active than in
the case of 23-24 >uptbmbur particularly in the lower layers,
where the d;scoptlnunty of wind velocity in the laybr from 1 to 3
kilom:ters was in all only about 20 kilometers per hour. From

~ the other dlrkculon, this frontal gonc evidently had a lﬂrgv

storc of mnergy at hbJ;ht from 3 to 5 kilometers, since in this
layer tho dlqccntlnblty of wind velocity was ebout 30 kilometers
per hour. The weve on uhp arctic front of 28 September did not
devolop to this extént since the air wes not sufficicntly cold at
its rear; it remoined o stablc wave, quickly shifting along the
frontal zonc te the northeast. The speed of dl:pl“cbmbnt of the
wave was s~bout 50-60 kilomcters per hour; that is, it was about
equal to the wind velocity at o height corresponding to 700
millibars. The direction of the displacement of the center of
the wave, as in the first instance, almost exactly colncided with
the position of the warm sector of the front. ARegerdless of the
wéak activity of the frontal zone, as well as the wezk develop-

ment of the weve, its effcct on the deterioration of the weathor
was very real. The advance of this wave across the central
regions of the furopean territory of the USSR did not noticeably
strengthen the wind, but it caused ebundant precipiteticn here.
The precipitaticn fell chiefly shead of the warm front, in front
of which, judging by the zbove msp, was located an area of
current diV’Pbuan. Very probably, thercefore, the activity of
the frontal zone in the way of heavy precipitation cccurred in
connéction with that discontinuity of wind vcloeity which was
observed in the layer ¢f 3 to 5 kilometers.

Let us sum up our work in the followlng main conclusions:

. 1. Strong winds over the central arens of the furopean
territories of thu'UboR on 23-24 September 1943 were caused by
the advance of a young cyclons, formed cn the evening of Z2 Sep-
tember st the arctic front over the territory of Poland.

2. Very strong winds amounting to 2 hurricsne werc cb-
served at the rear of the cyclone, when the latter reached the
stage of = young (idenl) cyclone; the srea of strong.winds
coincided thuruiorb with tho rogion of greatest positive
tendencies buyond the cold front.

3, The main arctic front was very weakly manifested at the
earth's SUrf"Fu’ at the upper levels the correspending frontal
zone showsed a tempersture contrast of 20-25 dekabars per 1000
kilometers, wind velocitiss of 80-100 kilometsrs per hour (at a
height of 3~5 kilometers), ~nd a ccnsiderable discontinuity of
Wind velocity from the earth's surfrce up to 2-3 kilometers.

L+ The formation of a wave on a quﬂ51-staclon'ry part of
the arctic front was connectad with the presence of a secondsry
¢old front advancing somewhat north of the main front. There-
fore, the wave thus formed was located near the delta of the

hlgh altitude frontal zone.

N
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5. The center of the ¢yclong: Shlfted in the dlrectlon of the
isallobaric gradient, and the ared of the greatest decrease of
pressure was located near the cvptcr of the cyclono in the warm

sector, ahead of the cold: front, and, the arca of greatest in-
crease was behind the c¢old front. _The areas of docrease and ine
5 erease of pressure were connuctpd e rvspond;ngiy With the zmones
of divergence and. convargenes of the upper currents

6. The path of displacement of the center of thv cyclone
corresponded to the gencral position of the arctic front; in the

“course ¢f the last 2A—hour pvrlod the CLnter of the cyclone was
disploced in the direction of .the warm seetor of t%c arctlc
front, tending to bend from the south arcund the mass of arctic
air; thg length of the ccurse of the cyelone for the 24-hour
period was roughly equal to the lungth of the warm front.

7. The average Spuod of the cyclone from the 1n1t191 stage of
the wave to the stage of the young cyclone was ~bout 60 kilo-
meters per hour, which was 0,75 of the average specd ‘of the main
curreft at a height of 3 kilometers and 0.6 of the average speed
at a height of 5 kilometers. Roughly the same relationship was
maintained in the final steoge of the cyclone's development.,

8. In the analogous case of wave formation on the arctic front
of 28 September 1943 the wave did not develop into =2 cyclone, as
‘2 result of the 1nulgn1flcpnt contrast of temperaturcs in the
frontal zone, especially in the lower layers .of the tropospher..
The copious precipitation caused by the advance of this wave wus
"evidently connected with the active anabatic glldlng movement a-
long the warm SpCt“T of the front in the layer from 3 to 5 kilo-

_méters, where a more. significant discontinuity of wind velocity
was observed,

9. Weakly maniféested fronts on the synoptic map hevo a greater

, dynamic significance if they coincide with a suffchcntly active

e high-altitude frontal zone, and conversely, their dynemic

| significance is not great if the corresponding high altitude
frontal zone is not sufficiently active. But in both this and
the other case the weakly manifested fronts have a grcat
’SlgnlflCdﬂCL in the way of doterioration of WLDtth in the lower
levels of the tropusphere.

- 10, In the “naly51ﬁ of the high-altitude maps it is still more
ngcessary than in the analysis of surfree meps to devote

“attention to the comprriscn of the data between separated
stations, and also to the changes in data of staticns from one

date’ to another. . » :

-
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TV:  Map Symbols

B = high
C H=low o
M3 = maritime, polar, hith
MAD = maritime, arctic, high
{4 = transitionsl
H[IR * cortinental, polar, high
ﬂphr%=1transitional, arctic, high.
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_ IV, DETERMINATION OF CLOUD HEIGHTS BY HUMTDITY
' OF AT AT GROUND LAVEL

by
4. N. Ippolitov

The height of clouds in the lower 2tmcsphere has a difect

influence on the operation of aviation. The presence of a
golid overcast of wvery low clouds cen bring about a complete
suspension of the work of =ir transport. Knowledge of cloud
heights, =s well as the level of possible cloud formation, is
yery important for this reason. Unfortunately, determination
cf cloud heights by direct methods (pilot balloons and plane
flights) h=s not yet becoms widespread. In most cases, ¢loud
heights are determined visually, which insvitably leads to
gross crror in many cases. ALl this calls for investigation of
new, eveén indirect, methods of determining cloud heights.

!
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:‘ ' . For the processss, of adiaba thtrluv:of Plr, taking place by
virtue of vertical convection &f a dyneinic and thermal nature,
the level of condensatlon of water uapors Wes ca leluth thborptl-

'celly by Furlbl ,who obtalnud thuylormula

o 1 122 (tfc"), .

where t is the temperaturb of thn 11r and'f is the de polnt

o Emplrlcal formula and dl&prams of the dupendcnco of ‘cloud
. heights upon the humidity at ground level were obbained by’
dircet observs tlons of cloud heights (by pilot ballens)., We
refer herc, for example, to the diagram of P. 4. Molchanov, ex-
pressing the dependence of cloud heights upon ‘the diversity of
~air temperatures and the dew p01nt (P A, Molchﬂnov, herology,
pqge 259, 1938). : o

From data of pllot bullocn chervatlons of the’ SVpTﬁlOVak
;observatory, we cbtained a formula for. the ca 1cul tion of
helghts of conveetion stratus, fracto stratus, cumulus,

. fracto . cumulus, ~nd fracto nimbus clouds by the magnitude of |
.relative humldlty of air wt ground level: .

s

Lo A  H= 22 (100 - 1),

. wher r is the fulqthu humidiby cf thc 2ir (the Journvl, Weather,
No 12, 1940). Comparison of cloud heights computed by Ferrcl's
z_ formula and our's gives a sufficiently good correspondence, o
‘ any tate, up to a h’lght of 1, 000 meters., If we consider:
o simplicity, convenience, and the ‘small expenditure of tlmv in |
" . caleylating cloud heights by the formula H = 22 (lOO - r), un=-
‘ doubtedly the latter is prufﬁrablc, and the more so because 1t
was obtained frem ‘factual material and, in great part, ruflects
‘ the actusl conditions in the atmosphbrp © Finally, it must also
‘ be pointed out thet our for'".mlw is an approximate and not a. L
functional one. ' '

_ We have nlro ady ;ndlc?tcd that Ft.rrel'o formul° and our
“ formuls were both calculated to compute cloud huléhts (as wcll'
as levels of condensatlon) ferming in the rising air. 1m11 r
processes in the atmesphere are .completed when there is a
sufficiently developed vertical convection. ACChrdlngly, it 1s
alsc necessary to make these calculations when' there is such an
~ interchenge (intermixture) of air that water vapors shift from
the ground stratum to the level of their ccndpnsatlons (lu’ up
to the’ cloud lcvbl)

The absenco of any dlrbct 1nstrumcnt"l detuFM+ﬂutlUﬂS uf
the nature cf thc vertical oonchtlon is a fundamentzl and, for

- the time balng, inevitable impediment to a broad appllcrtlon ‘of
_methods ef caleulation of convection cloud heights. In many .
cases, however, we can judge the pesence’ of a vcrtlc 1 con- .

* vection by indircct indications.

sy
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For stratus, fracto stratus; and fracto nimbus clouds in
the formation cof which the dynamic convection (turbulence) of the
alr plays the chief role, wind with a velocity of .not less than 3
meters per sccond can indicate a connection (interchangzc) of the
lower levels of the air with the higher. For cumulus nnd fracto
cunilus clouds, where 2 thermal. convection is fundamental to their
formation (a convection supported by the turbulence of the air at
ground level), a daytime wind of not less than 3 meters per
second will be the main indiczticn of an interchange of air. How-
ever, these fundamental indications of convecticns arc often un-
satisfactory, and long with the observations, in each instance, it
is still, necessary to consider the nature cf the weather at the
time, X ‘ : :

The altitudes. of cumulus and fracto cumilus are the best in-
dications of all, from the beginning of their fermation in the
morning wntil the time of their greatest development during the
day (from 1400 tc 1500). Good results for cumulus are obtained
during the day, when these clouds have a normal daily varistion;
in the morning, separate clouds begin to appear in a clear sky,
toward ncon their number increases, and in the evening, they dis-
appeer or spread out in strato~cunulus vesperalis. With 2 clear
sky at night, or early in the morning, the formation cf dew or
frost is generally cbserved. Their presence indicates absence of
an interchange of air, and to determinc the cloud heights (if
there arg any) under such circumstances is of no significance, for’
they will be erronecus, generally much lower than they actually
are. Later, when the interefange will increase (the wind velo-
city increases and the dew vanishes), varicus broken cumulus
clouds will begin to appear, 2né at this point, it will still be
possible -to calculate their heights. The relative humidity of
the 2ir when dew is formed is generally great, and after sunrisc,
it begins to fall rather quickly, slowing down at the time.the -
first cumulus ap;ear, =lthough it continues to decreass until
1300-1500. The altitude of cumulus at this time is related to
the relative humidity cf the air. Afternocon, when the humidity
increases, the altitude of cumulus no longer depends upon the
highest relative humicdity at ground level. The cumulus clouds
obseryed at this time (lst us say,after 1500), and later with
their spreading and the strato-cumulus vesperalis, ramain
approximately at the altituds at which they were obscrved at
nocn, and their height may be calculated by the minimal value of
thé relative humidity of the air observed by day (1300-1500).

Tt is difficult to determine the heights of cumulus clouds
not forming a solid overcast by the pilot-balloen method, since
the ballcon can enter a gap between clouds and be enveloped by
them., The probability cof the ballcon's entering 2 cloud in the
case of ragged forms of clouds (cumulus, fracto cumulus, fracto
stratus and fracto .nimbqs) depends upon how overcast the sky is;
with cloudiness, let us say, of 5/5 cumlus or 10/5 alto -stratus,
fracto himbus, there is a 50-percent probability of the pilct
balloan's entering = cloud cumulus, fracto nimbus. It is some-
times difficult to tell whethcr the ballocn has entered a cleoud,
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_or hes. been’ vﬂVClprd by 1t, and ‘this leads to arrors in
duthﬂlﬂ;ﬂ& altitudes, If cumuWus develops’ significantly by day
and. changes to cumulo—nlmbus “with fnlllng pr001p1tatlon, the

" altitudes still can nct be oalcqlrtad——tho humidity of the air

at ground level will be affs cts d by the fallen pru01p1tﬂtlon and

» » Wl]l not be char“ctnrlstlc of th\ layers OL atmosphprc.

If, aftbr ‘the pq551ng oi he?vy‘ cumulo-nmmbus preclpltetlon

« ' w1th high wind velocities at ground level (let us say 5-10
meters per second) under the cumulo-nimbus layer, quickly

- vanishing fracto nimbus clcuds are formed, their altitudes

N will be related to the values of th r\lthVL humldlty and the

' corrpspondlng ’lbltudb calcul Llons can be madp v

Otr%tusg fracto stratuo, and fracto nlmbus clouds are
formud, brsically, when there is ccnsidersble turbulence in the
torr“strlul stratum of the atmcsphers, and accordingly, the
altitudes may be cumputed at any hour; but there must be a wind
with a velocity of over 3 meters per sccond (at night, even 4-5
meters per socond) Absence of precipitation is, therefcre,
alsc necessary. Best results. for these.forms ¢f clouds are
achieved at night, if there is no marked decreass of wind ‘velo-
city from day to night (say, more than 3-4 meters per sccond),
if the solid overcast of lower c¢louds is malntwlned at nlght
and if frcst or dew are not formed.

A notable fact about'strato—cumulus clouds is that their
altitude may be determined by the magnitude of the relative
humidity only during the day, only when they are not high (ab:
1,000 me ters) when thuy have some cumulus formation cf th\lr
varlrus ulcmvnts, end when these clements are fairiy large and
even increase (thlckbﬂ) in the course of a day, which indicates
an cbvious relptlonshlp with the humldlty condition at ground
level.

In the majerity of cases of high strato- cumulus clouds-
‘which are unrelated to the humidity condition at ground level,
calculaticns can not be mede. In general, we do nct rpCﬂmmund
caleulating 2ltitudcs of strato-cumulus in reference to this
condition.
The temperature of the air, when the formula H = 22 (100 -
r) is used, is significant in that humidity of the air is less
accurwfﬁly determined when it is low (below minus 5 dcgreos) and
sddition, it is not always clear from what value of saturat-
1ng‘hum1dlty it comes. Furthermore, at low tcmperaturas and
- especially in w1ntpr, layers of terrestrial inversion of
‘temperature are formed almost constantly over the ccntinental
, | - staticns (Sibeiria for example). These are intercepting layers
* © impeding the transmission of water vapors upward from below.
Calculptions of cloud heights can not be made in reference to
this at ts,mpurﬂturv of under minus 5 degrees in the absence
. : of temperature sounding.

hS
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Application of calculated formula without taking account of
all the obstocles indiceted here may lead to great errors in the
‘determination of cloud heights. “A'latee humber of such errors
were discovered in the meterials of local .- geophysical observers,
who preduced, by crder of the Central Beard of the Hydrometric
Service attached to the Cougicil-of Ministers, works examining
the suitability of cur formule for varicus areas of the USSh.
For an average of about 70 percent of the calculatiocns, the in-
vestigation was made under conditions in which cur formula is
not applicable. ‘ C '
Selecting instences corresponding to the cohditions posited
above, we calculated the avernge values cof the coefficients cf A
in the formula H = A (100 - r) for 11 points in the USSkK, the
results of which appesr in the fcllowing teble:
[0]
- B
sEBoas 4 .
B O o o 4
H o L= ot S
R @ R PR 0
7 ® ad a O s 2
. 8 iy > n > [o] I
Points S a. 5238 B.uc 8
o @ 0 AT e w o o« 3] ey
) w0 Qe L et o <]
= O D WA (@] [S ] Gy ®
g o = gt O G =)
oo L ) =1 o D 4 N g
O H & ©c 0o o O O w4 @ o [¢]
e H 35 e O e SN O RE b fa) &
“Murmansk L0 22 16 25 —
Yakutsk 30 21 9 25 -
Vlisdivostok 101 83 13 24 -
Mashtash (Baku) 162 o7 L9 28 -
Omsk 82 164 16 20 -
Tashkent- _ ‘

Askhabad 114 96 : -17 22 -
Irkutsk 59 3 52 29 -
Kuybyshev 133 92 30 26 . -
Aktyubinsk 122 7L k5 21 . .
Karaganda 155 3 5L 21 . -

~ Alma-Ata 9L 21 27 22 -

Tbilisi 29 25 -——  Nct Calecu~  Obscrva-

, . lated. © ticns
- < , made with

wind at

4 a/sec.
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As 1is evident from the table, we cbtained values of thb COm-
“efficlents of A within the limits of 20-29. (average for all
points 24). NG dependence of the megnitude of A vpen the geo-
graphical conditicns is. app“rent whlch actually,vls as. it should

be.’ ¢

In conclusion; lct us. peint- out the poss1b111tles of uhb
applicaticn of cur. formula. Lo e .

It is quite pcssible to calculate the heights of low clouds
in every single instance, but only with a competent approach tc
the matter, The use of tha formula-in question is particularly
expedient for AMSG and the divisions of the Weather Serviee of

. the Local Bogrds of the Hydremetric Service, where a special map
.of low cloud heights mey be made with the data of the network
observations (vVun 1f they are lj -hicur cbservaticns).

The formulza may be used in cllm sbolegy to calculate average
clecud hplghts their yearly path and esp°c1ﬁll the character-
istic ClOLdln”SS cf the 1lttle-anvbtlgatud area s of airplane
traffic, It is- therefors necessary to bear in mind that we must

"not do detailed work cn nverage VclUuS of cloudiness for any

-point, but must. select instances of the presence of low clouds
and tﬁke values of cloudiness ~pproprlata to thls hcrlod of
cbservations, o

The best ma y bc the lB—hcur purncd

V.. YARTATIONS OF THE MONTHLY TOTALS OF THE HELT OF SOLAR RAD™ATTON
A . o
R U NN, Kalitin

In ordur to study the chﬂnges in the inflow cf the heat of
sclar radiaticn for any place from month to month and from year to
year, there must be a considersble number of years cf recording
sclar radiation without any gaps in the work. Therc is only one
place on earth in which such a study is made pessible by a seéries of
observatlrns on solar radiation over a considerable number of
years. .This is the Magnetie. and Meteorolcglcal Obuervatcry and
Institute of Actlnometry qnd Atmospheric Optlcs in Pavlcvsk.

~ RuC(lenU of the 1ntbn31ty cf solar radlctiun here was begun
April 1912 qnd was ccntinued -without lnturruptlon until the end of
Avgust 1941, when the work was discontinued dug to wa Ttlmp con- -,
ditions (dlrect approximation of the front to P"vlcwsk) Ana 80,
for this peint, there is a recording for 29 years, 5 months. It
must be =dded that cver this whole interval of time the recordlng )

was done with instruments of the same type (helicstat with a
Savinov thermel =nd a point galvancgraph), the entrics were worked
out by one and the samc methcd and  they were suppoztcd by the
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- standard p_yrhbllrmgter of Angutrom, whlch was repeatedl,;} compared
with the 1nternat1cnal standard In this way, -all the material
 is uniform and of full valuc. Flrst—class, long~term series of
" Pavlovsk actlnomwtrlc ubservgtlons were repeatedly used fer ob-
taining conclusicns, nct only by us (1, 2 and 5), btut also abroad
(Gorehinskiy and Kimball), and, regularly published in the
Bulletin cf the Standard 1c11n0mLtrlc CcmmlSSlon. -

B;fure p"351ng to an analys1s of the vcrlablllty cf thv
menthly tctals for the whele' puricd cf bservatlcns? we must con-
sider the’ aVurﬂge mﬁgnltudee cver "y\rlcd of many yeers, as well
as the maximum and mlnlmum..' ’ .

The conclu31ﬁns on'the” variaticn f the anthly tctﬂls of
the hezat of sclar radiaticn Ur859ﬂtud hers wers cbtained cn the
 basis of entries cf the actincgrabh from 1914 tc 1940, that is,
over a period of 27 years. 1913 was cxcluded from the ccnclusicns,
since, in that year, the transpnrency of the atmcsphere was still
- very low, as a result cf the cruptLrn of the Katmay volcanc in
Alyaysk 6 June 1912 (4). In tsble'l are given the average menthly
totals, both for the pprpenﬁlcular and for the hrrlzcntal surface
for 27 years:

Table 1. Average mgnthly MaXLmum and iiinimum Tctals of’ Heat
Radiation fcr Pavicvsk (in gram calcries)

Mo. Perpendlcul S Surfdc, Herizontal Surface

hvg Mex Min Avg Max Win
Jan 1,200 2,920 380 180 310 50
Feb 2,676 5,620 10O 620 1,340 80

Mar 7,080 13,170 3,690 2,560 L, 650 1,520
Apr 9,400 13,820 4,600 L4, K00 6,290 1,990
Mey - 14,300 20,950 9,600 . 7,620 © 10,200 5,060
Jun 14,480 19,670 7,390 8 140 10,950 4,000
Jul 1@,570 22,440 9,250 8,130 12,380 5,200
Aug 10,750 16,770 5,730 5,4uo 8,760 2,880
Sep 6,790 9,850 3,970 2,790 4,190 1,630

Oct. 3,280 5,200 1,040 950 1,500 300
Nev 1,070 2,540 280 170 1,20 L7
Dec - 730 2,100 Co360 L 10 180 4

“Tt is of interest to compare the tctals of the-heat c¢f sclar
radiation that werc asctually cbtsined with the thecretical -cnes.
A few years befcre.this, S. I. Savincv drew up tables of the
totals of heat cf sclar. rediaticn fer the horizontal surface for
the ncrthern hémisphere in a vacuum, 2nd N. G, Evfimov made totals
for the samg surfacc in.on ideal atmosphere.

> ": Maklng use of thvlr dat" ‘T calculated these‘tqtais for
Pavlovsk fer e"ch menth. . , o Lo ,

.

o
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-

The results cf such a computaticn are presented in figurs 1.
-Curve 4 indicates. the yearly course of the monthly tctals of heat
of solar radiaticn for Pavliovsk cn 1 sguare centimeter of
horizontal surface (1n kilcgram calurles) in a vacuum; curve B is
the same course in an ideal atmosphere; and curve C is for an un-
clcuded sky with actual transparency of atmcsphere, This curve
was ccmputed .as an average from 718 unclouded days of reception

- of heat:of sclar radiaticn, for which there are actinugrems for
Pavlovsk frem 1913 tc 1940 (3)+. Curve D indicates the yearly
~ecourse of -the monthly totals of heat.cf sclar radiaticn which was
chserved under natural ccnditions, that is, with a calculation of
cloudiness alsoc (the fourth column of table 1), Thus, the area
between curves A and B indicates how much heat of solar radiaticn
does not reach the earth's surface, being lost because of the
ideal atmosphere; the area between curves B.and C will give data
on how weakened the reception .of sclar radiaticn is with a real,
unclouded atmosphere (mainly on account of water vapor and dust),
the area between .curves C and D will show the weakening of
radiaticn by cloudiness; and finally, the area bounded by curve D
and the axis cf the abscissae indicate the quantity of heat which
reaches the eﬂrth's surface under actual ccnditions.

Figure 1 shcws very graphlcally the role of the atmosphere
in the weakunlng cf the flow of solar radiaticn proceeding tcward
the earth's Surf“Cb undcr Pavlovsk Cllm“tlc condltluns.

It is evident frcm the flgures in figure 1 tc what extent
the monthly tctals «f the hest of sclar radiaticn for cne and the
same mcnth can vary for different years. These changes will be
more graphically expressed in percentages.

- L0 -
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Table 2. Deviaticns of Maximum and Minimum Totals of
Heat of Sclar Radiaticn From Menthly Lverages for
: Pavlcvsk (in»ggrcentaggs)

~

Mcnth Perpendicular Surface ' Herizental Surface
Max Min .- Max Min
Jan +126 -71 +106 =72
Feb 111 -85 3116 -87
Mar + 86 L8 - o+ 82 -4
. hpr + L7 =51 T+ 43 -55
May = L6 -33 + 34 -3
Jun + 36 L9 + 35 -51
Jul + 54 -36 + 52 -36
Lug L+ 56 46 + 61 =47
Sep + 45 ~42 + 50 -42
Oct + 59 -68 + 58 -68
Nov +137 =74 +147 72
Dec +238 -95 +157 -9

-This wgs dcne iartable 2, in which are shown the meximum and
minimum deviations frem the average of the monthly totals for
“both the perpendicular and the. horizcntal surface for the whole -
period of,cbservaticn.. .. . o o o T

" . Table 2 indicates that the maximum ond minimum magnitudes,
differing slightly, have a clearly expressed yearly course fcr the
perpendicular. and horizcntal surface. The greatest deviations of .
‘the monthly totals from:the averages on either side approach’ the
cold time of year, while the smallest deviaticns approach the
warm time of year. ~ .. * 0 o ‘ ' IR
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. -This yearly ccurse is pqrtlcularly ev. d=nt 1n figure 2, in
which the deviation for the horizontal surface is shown(in par—
cuntdges) - From year tc yenr, considerably less yariaticns
sclar radiaticn are. cbtalned in summer. and.spring than im w1nter
for the climatic conditicrs of Pavlovsk. (Leningrad); but for thb
winter menths, thu‘varlatlcns mey bc ccn51derablea"

~ The mﬁgnltudes they can rea ch are: 1ndlc tcd by twblp 3, in
" which -ere presented the monthLy totals of heat of sclar radia-
tidn for each year for 27 years on a. ‘perpendiculer surfr.ce for
the samé steady month (May% and the ‘same varlablb month’
" (Decembér). LT

Table 3. Monthly Totals of Heat of Sclar fadiaticn
for May and December on a Perpendicular Surface
(in Kilogram Calcries)

)
©
o

,Year May Dec Year HMay Dec Year May

1914 12.8 0.4 ~1923 12,0 0.2 1932 12.8 0.6
1915 16,0 0.9 1924 "12.1- 0,9 -1933 '13.5 1.1
1916 11,2 0.4 1925  1h.2 0.9 1934 12,4 --0.7
1917 13.7 1.0 1926 1.2 1.1 1935 .13.4 0.04
1918 15.0 0.2° 71927 - . 9.6.1.0. 1936  14.7 "0.5
1919 17.7 0.8 1928 11.9 0.7 1937 17.2°.0.4
1920 17.9 0.6 1929 15.2 0.3 1938 10.9 -2.1
~-1921 . 21.0 0.9 1930 _15.3 0.8 1939 15.6 0.4
1922 11.2 0.8". 1931 © 18.4 1.4 1940 18.2 0.4

- -The table indicntes that the Decéiber tr tals, being con-
- siderably lbss in absolute magnitude than those uf mﬂy, vary
severdl times =s much from 3ear to year. ‘ .
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Figure 3 shows the de]”tlbn cf thp mcnthly tctals from
yearly. averages: for 27 ybqr “To¥ A hchantal surface for May and
-December (in percentages). - The figu res'in the drawing to the
right indicate by median lines the aven;ge merithly tetals cn 1

. square centimeter cf horizcntal surface (1n kllogram cdlurles)-__
May, 7.6 calcrlus, qna Dacember, O 07 calurles. -

Frem the curves in the draw1ng, it is evident hcw much mcre
" the December totﬁls vary than do th M"y ‘totals. :

Such an crderly, statlstlctl troatmbn+ of the rosults Lf re-
cording of sclar radiaticn cver a pericd ¢f several years for
. places with different climatic conditions permits studylng the
prcblem of the steady values of sclar radlatlon, whlch 1s cf becth
practical and th Crutlcﬂl vle ]
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VI. A NEW'IETHOD OF GAL“ULATING BALLISTIC WIND ARD BALLISTI
T TntvIPRTURL' LA

- o by:. L

1_D. L. Laykhtman

In the year 1941, I submitted a new methcd of caleulating
ballistic wind end balllstlc temperature. Since then, the method
has been applied. In the article submitted here, the thecry of
the proposed method is prlﬁlnbd. At the present time, ballistic
wind is calculated for: -artillery purpcseés by the follewing
fermulas - -

Vé“ qlvl * q2V2 + Q3 3 + T + qn (1)

where‘qi = t' 1s the reldthP tlmb th t the prOJcctllo remains

in. tme 1th laycr, or u51ng the avcragc w1nd in the l?ybr, by the
formula: ; , .
- -

Vg =Tl 4 T (V‘,n--Vl ni-=1). (2)

' The latter fermula is less ac#urﬂtc, since, if the weight of
all layers except the last cne is calculated by it, they ccme
cut equal, and this is not actually the case. nnOthuT fault of
fermula (2) must be nctud-~n15takos in the ballistic wind caused
by the indicated allowands dlffcr frcm different wind velocities,
However, the second methced has beén more w1dwly applied because
of its simplicity.

The method propesed bclcw is unllku both indicated metheds,
it does nct require any additional allcwances (beyond the usual
ones made in the sclution ¢f fecrmula Z:7),ﬂnd it gre"tly
simplifies‘th' calculation of ballistic wind,

As is well kncwn, in the sclution of fcrmula (l) and (2)
all trajectcries are lelded into n layers ¢f equal thicknes
and therefere, when the ballistic wind is calculated, the SpCLd
of each layer with its weight contributes to the lrrugblﬁr¢tj of
‘the ‘speed of the projectile. We shall divide the speed of the
projectile into layers of equal thickness, and we shall thereby
pick cut the thicknegss of each layer in such a2 way that the
ballistic ccefficient (the weight of the layer) dees nct vary:
from layer to layer:- It may be sald befurmh"nd that the thick-
hess of the layer will diminish rﬂgul"rLy with the altltudg

Wb shall show that, 1f the traguctfry is brokcn up 1nto n-
layers cof equal weight, the thlckness of each layer is found by
the following formula:

A= 2(n - i} +1 (3)
t n2 };’
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where i is the number of thé layer (taking.the ground leyer as.l),
and ¥ is the altitude <f the trajectory.
Let &1 = a5, where 0<aj<l. - Evidently aj cccurs together

Y
with i.

nItiié;éésy te shdeﬁhéy”?haﬁi;‘ -
e ¥ th L
: Vg = - = ﬂ.i}(} oAk -2 ) ¥+

f‘(‘#l—ai« Al-aj-ap) Vot -0 +

o Rloaj-aymage-a Voo )

Aetually, inasmuch 2s the length‘cf the flight of the pro-
jectile on the trajectory cf height Y is equal to tg A7, the
relative time of the flight in the first layer is: Ng R

L T FTAea- TTR
T 5% :
In the seccnd, it is:

s (TTA LTS

T s
N1 Zep =41 23 - ap

“‘hod sc forth.
 Consequently, in order. for the whclé layer to have unifcrm

s e S RO ———

weight, it must beé:

AR .

1- Aloay= AT - dAl-ap -2y
1

AL =ay -ay~- N lA—vél - éé-— as =...= n.

N 1

- o —

By direct subsfituficn, i£'is sasy tc prove that this
equaticn is satisfactcry, if ay = 2(p - i) + 1, by which equaticn
(3) was alsc demcnstrated. - 2. B
] We present a teble of tﬁeiﬁaiuéé of aj for different

. trajecteries: : R R

¥

- L5 -
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Serial No of - General Number of Layers (n)
v - - - - 2
o - - -1 33
‘ E 18 25 35‘
TIT - - 1 , 5
1T ~ i 2 5 2 -9
L G 6 25 36
I 1 3 2 7 9 u
L 9 16 35 36
. Total 11 1 A T |

_ The ballistic wind is cnlculat§d verj slmply when thb
_trajectory is divided into twe lgyers. .

e ncte in this case that, substltutlng a3 end as for
the two layered trajectcry in fermula (4), we cbtain:

2

Besides this, it is easy to show that if V is the average
wind v@l(01ty in the whole trajectory, Vy - 4V - 3V3 s then

This calculaticn is readily perfcrmed on Molchanov's circle,
using a drawing scale applied tc¢ the main radius. The
whole calculation is reduced to the following cpereticns:

1. At the vertical esngle ccrresponding to the apex of
the trajectcry, we find ¥ cn the drawing scale, bringing the
herizontal angle up to the main radius, and we locate point
1, having computed 2V.

2. We bring the horizental angle corresponding tc three-
feurths of the height of the trajectory up to the main radius
and,oppcsite the corresponding angle cn the measuring ruler,
we locate pecint 2.

3. We calculate the ballistic wind by the vector
ceanecting points 2 and 1. In this way, we avceid the
necessity c¢f using o supplementary instrument, Mikhaylcvskiy's
construction ruler., The ballistic wind is determined at cnce
by the angles, withcut preliminary caleculation of the true
wind; and besides this, no new allowances are made (except

- b -
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thk usual ones made in the sclutions of formula ).

Calculaticn of ballistic wind by the proposed method, being
more accurate in principle than the method using average speeds,
is being adcpted at the present time by the artillery service
and reduces their work by abcut 50 percent.

The proposed methcd is alsc preferable for calculating
temperature. As is well known, the ballistic deviaticn of
temperaturs is caleulated, in cases cf layers of equal thickness,

by the fcllewing formula:

Nzy° . At o %i + At '}3}' +

+A'('1° iz— V +A't -;‘fil‘
ST T

that is, the ballistic deviation must be determined in each
layer, each of them must be multiplied by the ccrrespending re-
lative time, and then an slgebraic additicn must be made.

The multiplying cperation is drepped in the preposed method;
it is necessary only tc determine the ballistic deviation at the
heights previcusly determined (at the centers cf the layers), and
their mean arithmetic additicn must be found. The whole operaticn
cculd be carried wut in the mind, an¢ the necessity of using
Naumcv's plane table is cbviated. N ' )

O A Y R VK VA VRN S Y a KYARRY:
F A A R IR AR TIE T  E E
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; VII. A NET FOR FILLING RADIOSONDE BALLOONS UNDER
TRAVELLING CONDITIONS

by
A, 8. Stepanov

Filling radicscnde ballcons under trevelllng condltlcns is
very difficult, especially in windy weather, when there is nc ep-
closed space or tent available.

The ccnstruction of a net is described here, facilitating
the prccess of filling radicscnde ballcens in the open air.

To make the net, it is necessary to ccnnect 2, 3 or 4 cordd
480~500 centimeters long, 4bcut equal to the length of the cir-
cunference of the ballcon. The cords are all tied together in phe
middle, and a separate ccrd is tied to the knot thus obtained. |At
the free ends of the cords, loops are made. The middle parts ¢
the free ends are fastened by the separate ccrd, and 120 centi-
meters are measured off on the ccrd, as indicated in figure I,
if 2 cords are connected for mpking the net. If it is 3 ccrds,
these intervals must be 80 centimeters, and if 4 cords, 60 centf-
meters. The free cords release the ends of the trensverse cne,
and the ends are connected Befcre the balloon is filled. Befor
releasing it, they are untied again.

L)

1173

Befere the ballcon is filled, the net is hung on 4 pegs
about 2 meters lcng. On top cf two longer pegs, the crossbeam
is placed.

The tcp ¢f the net is drawn up tc the top with a cord thropn
over the crossbeam. The way the net is placed on the filled
ballocn is shewn in figure IT. The hanging, free ends cf the
cords' locp are connected by a separate cord.

/"*/ ! \,U ﬂT
SN T
v { | 3 N

| ( | W]

-

Figure 1 Figure 2
k#fﬁhd of Document No 458226;7 i
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